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| ABSTRACT |

In Vitro Antibacterial Effects of Gagam-seopyoungjeon Aqueous Extracts and
Their Combination Effects with Clindamycin against Gardnerella Vaginalis

Ja-Young Oh, Dong-Chul Kim

Dept. of Genecology, College of Oriental Medicine, Daegu Haany University

Objectives: The object of this study was to observe the in vitro antibacterial
effects of Gagam-seopyoungjeon aqueous extracts (GGSYJ) against Gardnerella
vaginalis and the possible synergic combination effects with clindamycin.

Methods: Antibacterial activities against Gardnerella vaginalis of GGSYJ were
detected using minimal inhibition concentration (MIC), and the effects on the bacterial
growth curve were also monitored at MIC and MIC*2 levels. The combination
effects of GGSYJ with clindamycin were observed by checkboard microtiter assay.
and the effects of bacterlal growth curve treated with GGSYJ MIC+clindamycin
MIC, 1/2 MIC and 1/4 MIC, respectively. The effects on the bacterial invasion and
intracellular killing of GGSYJ were also observed using human vaginal epithelial
(VK2) and murine macrophage (Raw264.7) cells with combination effects with
clindamycin after treatment of GGSYJ MIC+clindamycin 1/2 MIC, 1/4 MIC and
1/6 MIC, respectively.

Results: The MIC of clindamycin and GGSYJ against Gardnerella vaginalis
were detected as 0.012+0.006 (0.004 ~0.016) pg/ml and 1.016£0.524 (0.391 ~1.563)
mg/ml, respectively. Clindamycin and GGSYJ were also showed marked dosage-
dependent inhibition of bacterial growth, and significant decreases of viable cells were
detected in clindamycin MIC+ GSYJ MIC and clindamycin 1/2 MIC+GGSYJ
MIC treatment as compared with each of single clindamycin MIC and GGSYJ
MIC treatments. And significant decreases of intraepithelial and intra-macrophage
viable bacteria numbers were detected in clindamycin 1/2 MIC+GGSYJ 1/2 MIC
and clindamycin 1/4 MIC+GGSYJ 1/2 MIC treatment as compared with each
of single clindamycin GGSYJ 1/2 MIC treatments, respectively.

Conclusions: GGSYJ showed slight antibacterial effects against Gardnerella
vaginalis, but they showed dosage-dependent inhibitory effects on the bacterial growth
and VK2 epithelial invasions of bacteria with favorable accelerating effects of intracellular
killing activities of macrophages. In addition, combination of GGSYJ also increased
the inhibitory effects of clindamycin on the eplthehal invasions of Gardnerella vaginalis
and intracellular killing activities of macrophages against Gardnerella vaginalis as
2-fold higher as compared with clindamycin single treatment, respectively. Therefore,
we expected that the clinical dosages of clindamycin can be reduced as 1/2 levels
as combination with GGSYJ.

V%Ze% ‘{Yordsi Gardnerella Vaginalis, Vaginitis, Gagam-seopyoungjeon, Clindamycin,
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horse serum), RPMI 1640 ®} X]+= Difco
Lab.(MI, USA)lA] modified BHI agar+
Junsei chemical Co.(Tokyo, Japan)ell A
22y Fgstelar, EekE<l Clindamycin
2 o]9] AJekE Sigma Aldrich Co.(St. Louis,
MO, USA)ell A FS)ste] AR-&-stsict.

Aol AHE-sE 7]7]%& 96 well microtiter
plate(Greiner, Frickenhausen, Germany),
rotary vacuum evaporator(Eyela N-1110,
Tokyo, Japan), programmable freeze dryer
(Operon FDB-5503, Kimpo, Korea),
spectrophotometer(Milton Roy Spectronic
20D . Milton Roy Company, Ivyland, PA,
USA) & AH&3tai+

[}

D AdY Az

2 Ao AR 13 B 22
o237 2o (Table 1). AAH " <FA] 7
0.5% #3F 36.50 g= F3ked, AAS 500
ml2 7td F&3 F, F< AH3 A3
ol -8 rotary vacuum evaporater® FFst-
Tt A =AY FEES A2 9
programmable freeze dryerE A}-£3}o]
A ZAZAA, A7 s B
FZEE 5.06 g(&: 13.86%)= Ao A
Yol AHS-slA . FRIE hEEE R =

EE52 20T PA 23 5 A

o

Table 1. Composition of Gagam-seopyoungjeon Used in This Study

Herbs Scientific name Amount (g)
ERSE Paeonia lactiflora Pall. 8.00
H oot Atractylodes ovata (Thunb.) DC. 8.00
g (49) Dioscorea batatas Decne 8.00
sEA Nelumbo nucifera Gaertner 8.00
B (X)) Zizyphus jujuba Mill 6.00
& (%)) Dipsacus asper Wall 6.00
R Sanguisorba officinalis L. 6.00
2 Angelica gigas N. 6.00
WE (R Zingiber officinale Rosc. 4.00
= Ligusticum chuanxiong Hort 4.00
HkEs Poria cocos (Schw.) Wolf 4.00
5 M Prunus mume Sieb. et Zucc. 3.00
KHE Glycyrrhiza uralensis Fisch 2.00
Total 73.00

2) #5F 2 A

Gardnerella vaginalisE modified BHI
W Aol %4l ¥ modified BHI agarell 2~3
3] A wheFst F AHE-skd . Modified

BHI medias 7 579 wel mel,
3.7%2] BHI powderel 20% =e] A
< %331, 10% NaOH=Z = pHE
742 AAsIGT oW dxjEE Lo
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6) Checkerboard Microtiter Assay
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Table 2. Minimal Inhibition Concentration
(MIC) against Gardnerella Vaginalis Detected
in This Study by Agar Microdilution
Method

Test materials MIC
(Gagam-seopyo

Ranges

ungjeon 1.016+0.524 0.391 ~1.563
(mg/ml)

Clindamyein 419,006 0,004 ~0.016
(pg/ml)
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£ YeEb A (Fig. 1).
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Fig. 1. Effects of Gagam-seopyoungjeon
(GGSYJ) on the Growth of Gardnerella

Vaginalis with Incubation Times.

a : p<0.01 as compared with control by
LSD test
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Fig. 2. Effects of Clindamycin on the
Growth of Gardnerella Vaginalis with
Incubation Times.

a : p<0.01 as compared with control by
LSD test
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Fig. 3. Effects of Gagam-seopyoungjeon
(GGSYJ) and Clindamycin Combination
on the Growth of Gardnerella Vaginalis
with Incubation Times.
a : p<0.01 as compared with control by
LSD test
b : p<0.01 and c: p<0.05 as compared with
clindamycin single treatment by LSD test
¢ : p<0.01 as compared with GGSYJ single
treatment by LSD test
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3. Checkerboard Microtiter Assayel
ga Wexs

Gardnerella vaginalisell 23l clindamycin
w5 27 Al MICE 0.0112+0.0031 pg/ml
Ao, mEEwER & FEEI B8 A

2] A] 0.0031+0.0030 pg/mlez yvropx o,

EEET B 28 945 A=A MIC
+= 0.938+0.529 mg/mlsl 2}, clindamycin
7 ¥8-4] 0.195£0.120 mg/mlE ezl v},
w2} FIC indext 0.544+0.2312 <}
2 AsA el sl Aoz vElyy
(Table 3).

Table 3. Activity of Clindamycin and Gagam-seopyoungjeon (GGSYJ) Combination
on Gardnerella Vaginalis by Checkerboard Microtiter Assay

Test Single treatment Combination treatment FIC index
materials MIC Range Range FIC Range
GGSYJ 0.9380 0.3910 0.1950 0.0980
(mg/ml) +(.5920 ~1.5630 +(.1200 ~0.3910 0.544 0.499
Clindamycin  0.0112 0.0080 0.0031 0.0005 £0.231 ~0.751
(ng/ml) £(0.0044 ~0.0160 +(.0030 ~(.0080

4. AZ A A4+ AAEEF

Murine macrophage &2 < Raw 264.7
cell& o]&3st M E Y Gardnerella vaginalis
of gt Abd s Frksk A3, 242 v
A M Azl vls F-94 A 72
Az W A 2 Fas el

gt 2749 clindamycin ¥ NS
FZE 1/2 MIC 5% 95 AL
of Bls]l foA = BAME W AF
9] 74247} clindamyein 1/2 MIC+ iniRd
Rl B 325 1/2 MIC ¥ clindamycin
174 MIC+Idd#ERl = 5% 1/2 MIC
FE A ZelA 474 JAHR

Raw 264.7 N W A+ 4+ 172 MIC
=5 9] clindamycin(0.06 pug/ml) L HniRk
EW 2 220508 mg/ml) &5 A
&, 1/2 MICE=9 clindamycin+1/2
MIC miE#Em & 28 = #&
8]+, 1/4 MIC ¥%9] clindmaycin+1/2
MIC =Rl & 25 5= ¥4

A8+ 2 1/6 MIC 5 %9 clindamycin

RSN

Rl

il

(0.0015 pg/ml) +1/2 MIC i pn
= FEE TR WS AYFNA wA
2ol vlsl Zhz -69.53, -44.31, -89.48,
-83.56 ¥ -64.86°] W3E el A

(Fig. 4).

viable bactenal CFU/10° Raw264 Tealls
o
2
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o ]
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i &
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Mumbsers

GESY(ng/nl} 0 o 0508 0508 0508 0058
Clindamygin{ug/sd) o 0006 Q 0006 0003 O001s

Fig. 4. Results of Intracellular Killing
Assay against Gardnerella Vaginalis on
Murine Macrophage Raw 264.7 Cells.

a . p<0.01 as compared with control by
MW test

b : p<0.01 and c¢ p<0.05 as compared with
clindamycin single treatment by MW test

¢ . p<0.01 as compared with GGSYJ single
treatment by MW test

GGSYJ : Gagam-seopyoungjeon
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5. ASAE W A AF AHEY

At A A A M E VKA ZE 9
4-3}ed, Gardnerella vaginalis®] A+3]A)
z AE A& =345 F7isk 29 sub-
MIC%¥ =9 clindmaycin 2 fnisdEeE §i
= F2EF 95 A8+, clindamycin 1/2
MIC+mmE#eEN & F&& 1/2 MIC
=5 W8 T, clindamycin 174 MIC
+hmEEE R & F2E 1/2 MIC &
W A2 2 clindamycin 1/6 MIC+
IE#E R & 2% 1/2 MIC %

& Aol M A2 wf A A 2Ll
H]?fﬂ oA e AT E W A 59
s veE sl
gt Z+7+e] clindmaycin H IR E

£ 172 MIC = =5 A=
of vlsll A e AIAHAE W A
49 747} clindmaycin 1/2 MIC+
mEGEE E O FEFE 12 MIC ¥
clindmaycin 174 MIC+hnjsfEeEsi &
FZ2E 172 MIC 5% A LolA dA
= st

VK2 Al | A+ = 172 MIC 5%
9] clindamycin(0.06 ng/ml) = HnjEdEE
Ml & FEE(0508 mg/ml) @5 A=
=+, 1/72 MIC %X%9¢ clindamycin+1/2
MIC == MME#WEN & F25 454
ﬂ—fv':, 1/4 MIC %9] clindamycin+1/2
MIC mEw#ERN & F25 5 ¥4

+ % 1/6 MIC =9 clindamycin
(0.0015 pg/mb)+1/2 MIC i i
= FEE TE HE AN dE2E
of W&l Z+7F -63.41, -36.00, -85.94, -81.53
2 -41.00%°] W35 Jeb e (Fig. 5).
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Fig. 5 Results of Bacterlal Invas1on
Assay against Gardnerella Vaginalis on
Human Normal Vaginal Epithelial Human
Vaginal Epithelial (VK2) Cells.

a : p<0.01 as compared with control by
MW test

b : p<0.01 as compared with Clindamycin
single treatment by MW test

¢ : p<0.01 as compared with GGSYJ single
treatment by MW test

GGSYJ : Gagam-seopyoungjeon

A AF2 vgsdezs A e
A4} MdFeo] Gardnerella vaginalis,
Mycoplasmahominis, &7]A T S22 o
A H o] WA g}, w3, A2 pH7F 4.5¢]
Aoz Zrtelar, A AIME F clue cell
o] 20% °1’& AHAEH, Adu)Eel 10%
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WA 7E GehE AS AgEg?

A4 Aol dist HE, ¢§ofe]
Wo| oA glonvt, FH*<l pHe
et A A AlFFe] wE 53 72
- AR 3le] ofA7A] kA dE A
A7} AR A ke Abe] o] A
A Az 98 eko 7 o] AISE T
£ clindamycine welg]ofe} 22
A% P WANAT A2 98 A
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f oof X0 U

-
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7 AR methicilli WA 38 E=ATH
(MRSA) 74 Zol &3] A& e,
I8y} Clindamycin®] ¥ubdel Rzkg
o7 AAb 9ubA] ARR, »

o
5wy Ae wq, 2%

clindamycindl A& YelllE= S22
Efy dHuAigl &+ A0 93 Al
ARA, 54 Ad A2

e
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= o A FES WA ST &Y
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M 2 HE 59 F 137FA A E 74
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32 X3t A7 F& A B3I, HA
2 ZAs 3 HHJJ_ LqF 456}93‘\
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5%3738 %Tﬁ Al “H‘ESQ 41) zzmol o
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lo L
of

=

ZHst s A gl chndamycmﬂr iR

BB FEE9] W& A
w
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A ST g Ax A A 4

bo LB DF o> ox n@ ofo

+ Gardnerella vaginalis
ste], TFAA A 3] A
ICE &4k, A1zt + A
T 3 Hrbsked, s
FZ5° Gardnerella vaginalis
off gt =S H71sksdem, clindamycin
I s E FEEY H8EyE
Checkboard microtiter assay® clindamycin
(MIC. 1/2MIC. 1/4MIC)ell hnjsfe 5
= FEEY MICE #H7Is &E2 A

e F AR A6 mAE ge
o) g-3te] 22 H7hshele.
2zqANA A Gel AT MIC =
e A7 D FR A2l rw F
BEAe FFHLE A g 7]

Aol v o] tH” | Gardnerella vaginalis
o] §gt clindamycin® MICE 10% CO,
Z78 A A= 0.004 pg/mlE LA
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slem™ A g2 WYX Gardnerella
vaginalis @AHEE] FFolAME A= 0.016~
0.19 pg/mlez oA Y™ 2 23
Al M=, 10% CO» 2713}l A 0.012+0.006
(0.004~0.016) pg/mlz 2= o], Muli,
Altrichter S-&** AFE3 §A18 3
A o] dA=H A =3 EEER =
FZ&E° MICE 1.016£0.524 mg/ml=
2= o] v fElA] gt Gardnerella vaginalis
of d S+ b

AlZb o A Aol Bl H]

i IC, MICx2el
L e %24‘31 Az o
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2 R B Z]‘%‘é MIC = &
= Aol vlE F20A e *E—' T2
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REW £ FE2E MIC = ¥% A
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dubd o2 shst QWA A A <} A
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>
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2
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Ie] WAl Aol ole Aew
HRAL A9 AE W Gardnerella vaginalis
AFEE A &4 A=xE W A8 o}
=I5 oF 207HA] KA UA S7HAT]

+ Aoz #AH ], clindamycin®] A
Fe HT 1/2 2% 2 o4 24 ¢
£+ ZeZ 7|9 clindamycin® I
ol mE 28 d WA E 29 e
Aor Audeh w3 FF ATEow

el WeEste] W A7E 2T A

e 2 FZ2E2 Gardnerella
vaginalisell ©igF +#= 3} Clindamycin
o] Weays Ayt A3 o3 2
S AZS A9

I MEdRERT & FF5+< Gardnerella
vaginalisell ] WA w2 3ty
+ Jep R o, &3 EHQl A
A F AR A 295 2

2. MEFEEER & F#&E<2 clindamycin
o] W4 7o i XL
oS g Az 7 AR 9A
£ deEbi

3. MEIEER & $FZE3 clindamycin
W 82 Checkerboard microtiter assay
ol 2] FIC index7} 0.544£0.231% AtZ

Hol B8 A5 Ee] Gk Ao B

IS

N

23 g

4. MEEER 8 $ZE2 clindamycin
Z

a4 Z7te] w5 AelEncd
94 A HAAE W AT Fo

2] ¥ LA
vaginalis I5& A

2 o309 20149 1€ 219
1A A 9 20149 29 49
O ARG 20149 29 10¢

1. Aroutcheva AA, et al. Gardnerella
vaginalis isolated from patients with
bacterial vaginosis and from patients
with healthy vaginal ecosystems. Clin
Infect Dis. 2001:33(7):1022-7.

2. stfolAd o st HZ9 A 3] ghfed A ¢
g, A& A 2007:282-93.

3. WghabRel#st s Felst A& x
2 o8, 1987:147-9.

4. Hauth JC, et al. Reduced incidence
of preterm delivery with metronidazole
and erythromycin in women with
bacterial vaginosis. N Engl J Med.
1995:333(26) :1732-6.

5. Mayaud R. Tackling bacterial vaginosis
in developing countries. Lancet. 1997:
350:530-1.

6. Hillier SL. Clindamycin treatment of
bacterial vaginosis. Rev Contemp
Pharmacother. 1992:3:263-8.

77



IR E Ml Gardnerella vaginalisOil CHEH A2 &2 8

=

Clindamycintel HE8= 1t

10.

11.

12.

13.

14.

1.

16.

17.

Thomas C, et al. Antibiotics and

hospital-acquired Clostridium difficile-

a systematic
review. J Antimicrob Chemother. 2003:
51(6) :1339-50.

73], o] &A]. Gardnerella vaginalis

of gt gefxy el FEA. A

E- A 38F3] %], 2006:34(1) :70-3.
Bk NS, ALat ARG E LR
it 1996:108.

A3 E A7 A& EAL 2001
1387-9.

Y 5. Aoz el A%
FA Avpel Hg A o

ol 73] =], 2000:13(2) :295-325.
Pfaller MA, Standardized

susceptibility testing of fluconazole:

associated diarrhoea:

lo,

et al

an international collaborative study.
Antimicrob Agents Chemother. 1992:
36(9) :1805-9.
Pfaller MA,
investigation of variables in susceptibility

et al. Collaborative
testing of yeasts. Antimicrob Agents
Chemother. 1990:34(9) :1648-54.
Tenover FC, et al. Characterization of
staphylococci with reduced susceptibilities
to vancomycin and other glycopeptides.
J Clin Microbiol. 1998:36(4) :1020-7.
Pfaller MA, et al. Multicenter evaluation
of four methods of yeast inoculum
preparation. J Clin Microbiol. 1988:
26(8) :1437-41.

Janssen AM, Scheffer JJ, Baerheim
Svendsen A. Antimicrobial activity

of essential oils: 1976-86 literature

18.

19.

20.

21.

22.

23.

24.

25.

26.

review. Aspects of the test methods.
Planta Med. 1987:53(5) :395-8.

Isenberg HD. Synergism testing: Broth
microdilution checkerboard and broth
Clin
Microbiol procedure manual. Washington,

macrodilution methods. In:
DC:American Society for Microbiology.
1992:1-28.
A5, 3, olnlef. wAlWA
Pseudomonas aeruginosa w32] 3t
oA WEEI e Y EEs
A]. 2006:9(1) :1-6.

Cuffini, et al. Enhanced Staphylococcus

iV

aureus susceptibility to immune-defense
induced by subinhibitory and bactericidal
concentration of imipenem. J Antimicrob
Chemotherp. 1993:31(4) :559-68.
Almeida, et al. Staphylococcus aureus
invasion of bovine mammary epithelial
cells. J Dairy Sci. 1996:79(6) :1021-6.
Hay PE. Therapy of bacterial vaginosis.
J Antimicrob Chemother. 1998:41(1)
16-9.

Bannatyne RM, Smith AM. Recurrent
bacterial vaginosis and metronidazole
resistance in Gardnerella vaginalis.
Sex Transm Infect. 1998:74(6) :455-6.
Skin

and soft-tissue infections caused by

Daum RS. Clinical practice.

methicillin-resistant Staphylococcus
aureus. N Engl J Med. 2007:357(4)
:380-90.

Starr J. Clostridium difficile associated
diarrhoea: diagnosis and treatment.
BMJ. 2005:331(7515) :498-501.
Ajantha GS, et al. Phenotypic detection

of inducible clindamycin resistance

78



J Korean Obstet Gynecol Vol.27 No.1 February 2014

27.

28.

29.

30.

31.

32.

33.

34.

35.

among Staphylococcus aureus isolates
by using the lower limit of recommended
inter-disk distance. Indian J Pathol
Microbiol. 2008:51(3) :376-8.

wEN. BREE A d7EwAh
1993:50-93.

H-cﬂo]. g}-o/x 7131’5

A, WIKFHEH ¢
Gardnerella vaginalisell @3 A& 3%
W &7 % Metronidazol®t W £ &
3. o gkl 2}st ) =], 2010:23(2)
120-37.

AAY, #A5A. Hsel Gardnerella
vaginalisell & Al Hl] 3+ 2
Clindamycin®] ¥-§&3}. of g5
ol z}s)k3] =], 2011:24(2) :1-12.

o] 53, Z5H. &iEte] Gardnerella
vaginalisell gt Al A 3= =
Clindamycin®] ®-§&}. of gHgtnt5
el 748} 3] %], 2012:25(1) :34-46.

. A3A, A W Epefoe
Ay el w3k g

3T
=)
-gzgﬂ 9 2 54, 33299

A
8F3] =], 2000:16(5) :67-74.
229 % ME 23S Az

7 R
A]. 2002 16(2): 348 2.
Kum EJ, et al. Antifungal activity
of phenanthrene derivatives from
aerial bulbils of dioscorea batatas
decne. J Life Sci. 2006:16(4) :647-52.
RAAA 5. &DAFEEL AvtE A%
o =0 FAEA B AA
gh=pA)Eod oF2kehe] =], 2011:40(1) :102-9.
A5A, o]}&. A-F(Cnidium officinale
Makino) A|A¥(d3 £7]) FEE°
A, S| A EA S]], 2007:
35(1) :30-5.

o O-

36.

37.

38.

39.

40.

41.

42.

43.

44.

AR, o1, AYE AGel AT
AR AR, AT 230, B39 &
3h, o Q-3 4. 2004:17(4)

134-45.

FA1E 5. A A 2R Ee3t
CoumarinAl AL AEHAT

o3t kA,

5(3) :26-35.

& 7:] 4, ;2] Al . o
FERR. TFALAEAA,

17(3) :278-82.

Fukai T, et al. Antimicrobial activity

of licorice flavonoids against methicillin

-resistant  Staphylococcus aureus.

Fitoterapia. 2002:73(6) :536-9.

He J, et al. Antibacterial compounds

from Glycyrrhiza uralensis. J Nat

Prod. 2006:69(1) :121-4.

Yang C,

glyeyrrhizic acid in different decoctions

et al. Determination of
of sanaotang by HPLC and comparison
with antifugal effects in vitro. Zhongguo
Zhong Yao Za Zhi. 2007:32(11):1031-4.
Braga LC, et al. Synergic interaction
between pomegranate extract and
antibiotics against Staphylococcus
aureus. 2005:51(7) :541-7.

Choi JG, et al. In vitro activity of
methl gallate isolated from Gallarhois
alone and in combination with
ciprofloxacin against clinical isolates
of salmonella. J Microbiol Biotechnol.
2008:18(11) :1848-52.

Shahverdi AR, et al. Galbanic acid
from Ferulaszowitsiana enhanced the
antibacterial activity of penicillin G

and cephalexin against Staphylococcus

79



|

TR EE Rl Gardnerella vaginalisOll CHEH AIEI2HLE &= 2 Clindamycintel YHES 1t

45.

aureus. Biol Pharm Bull. 2007:30(9)
:1805-7.

Muli F, Struthers JK. Use of a
continuous-culture biofilm system to
study the antimicrobial susceptibilities
of Gardnerella vaginalis and Lactobacillus
acidophilus. Antimicrob Agents Chemother.

1998:42(6) :1428-32.

46. Zhang L, et al. High-throughput synergy
screening identifies microbial metabolites
as combination agents for the treatment
of fungal infections. Proc Natl Acad
Sci USA. 2007:104(11) :4606-11.

80



